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Outline

• High-Frequency Buncher 
• Capture beam in high-frequency buckets
• Reduce energy spread with high-frequency φ−δE rotation
• Inject into fixed-frequency cooling system

• High-Frequency Buncher Simulations & Development
• Icool simulations 
• Simucool simulations –
• Comparisons with baseline scenario

• Discussion – future development and improvement
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High Frequency φ-δE Rotation
• Induction Linac φ-δE Rotation is long and 

expensive;   requires new technology

• Would like to use shorter system,
which uses existing rf technology  (~200 MHz…)

⇒ Alternative Scenario:
- allow beam to decay + drift
- impose varying-frequency rf to trap

beam into string of ~200 MHz bunches
- rotate string of bunches to obtain same mean 

energy of bunch using (?) fixed-frequency rf
-capture beam into cooling rf 
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System Components

µ−beam Drift  Buncher 

  φ−δΕ 
Rotator 

Cooler 

Overview of transport 

• Drift (100m)
• Buncher (60m)  300→187MHz,  V′ → 4.8 (z/L)2 MV/m
• φ−δE Rotator(8.4m) 187MHz,  V′ =  10 MV/m
• Cooler (100m) 183MHz  
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Component Parameters
• Drift (100m)

• Allows π→µbeam to decay; 
lengthens to develop  φ−δΕ correlation

• Buncher (60m (?))
• Bunching rf with  E0 = 125±50 MeV set at 15 λ separation 

– Vrf increases gradually from 0 to 4.8 MV/m
• φ−δΕRotation

• Fixed frequency; Vrf set at a maximum value (10MV/m)
– Beam rotates by ~1/4 synchrotron  oscillations

to reduce δΕ

• Cooler
• fixed frequency transverse cooling system (~100m long)
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Longitudinal Motion Through System

Drift Bunch

φ−δE rotate Cool
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Longitudinal motion (∆E-φ space)
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187MHz ϕ−δE-Rotation & rf Bucket  
• ϕ−δE Rotation over many bunches is similar to rotation in 

single bunch

187MHz, 10 MV/m rf bucketSmall phase-spread beam after 8.4m
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Phase-E Distributions (−π, +π)

Aliased view
- Particle phases as located
within local rf wave
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ICOOL Simulations
• ICOOL Simulations

• Include Transverse motion + realistic initial distributions
• Initial beam - Palmer target production 
• Transverse focusing -

• 20 T(Target) → 1.25T solenoid
• 1.25 T focusing throughout (σx = 10cm)

• Buncher + φ→δE rotation
• Use parameters approximating 1-D simulation;
• NOT reoptimized

• Buncher + φ→δE rotation ~ works
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First ICOOL simulations

1-D Simulation
- beam at end of buncher

+ φ-E rotation

Initial beam: idealized
µ-production

3-D ICOOL Simulation
- beam at end of buncher 

+ φ-E rotation

Initial beam: Target π-production
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Icool Simulations
• R. Fernow has added 

“adiabatic buncher” to 
ICOOL elements

• Adds new acceleration 
element with 
• Ramped rf
• Length, amplitude and 

shape of ramped rf can 
be varied.

• Variable frequency with 
fixed # of λ’s between 
reference energies

• Initially; matches to fixed 
frequency rf at end of 
adiabatic buncher

Agrees qualitatively with 1-D 
simulations

First try :
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Icool simulations: early tests
• Re-optimize phases of rf

• Change focusing from 1.25T to 3T
• Slightly better capture but bigger beam

• Change drift from 100 m to 200m
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200m drift simulations

B=3 T - drift (200m)              bunch(60m) rotate (10m)

B=1.25T
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Simucool optimizations (AvG)
• Large statistics tracking code (SIMUCOOL) can be used 

to reoptimize Buncher + φ−δE Rotation

• Reoptimize baseline adiabatic buncher and fixed 
frequency φ−δE rotation (track rms bunches in each band)
• – Obtains ~0.3 µ/p (up from 0.25)

• Change fixed-frequency to “vernier”; sets phase to 
N-1/2 wavelengths from first to last ref. bunch; 
maximizes φ−δE rotation - obtains ~0.35 µ/p

• Retrack with ICOOL – similar results are obtained
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Baseline BNL Induction Linacs + rf buncher

• Obtains ~0.375 µ/p 
at end of buncher

• Nondistortion 
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SIMUCOOL Beam at end of buncher
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Simucool-reoptimized buncher and fixed 
frequency φ−δE rotation

• Obtains ~0.28 µ/p at end of buncher
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“Vernier”-optimized φ−δE rotation
• Obtains ~0.34 µ/p at end of buncher
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Latest Optimizations
• A van Ginneken has completed a new set of 

optimizations; changes some parameters
• Drift – reduced to ~76m (B=1.25T)
• Buncher parameters changed:

• Reference kinetic energies: 64 MeV; 186MeV
• 20 bunches between reference energies 384→233 MHz
• Linear ramp in voltage: 0 to 6.5MV/m
• Still 60m long

• Rotator changed
• “vernier” frequency (20 + δ) wavelengths between 

reference bunches (234→220 MHz), 10MV/m
• Optimize on longitudinal bunch densities
• Best case has δ ≅ 0.16
• Longer rotator (~20m)
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Increase in acceptance along channel
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AvG Table of simulations
• Andy varied a number of 

parameters in a search for 
an “optimum”

• Table on right displays a 
search varying the 
parameters:
• N – Number of rf bunches
• δ - phase shift of rotator

• Other parameters varied 
included length of rotator, 
voltage, buncher voltage 
and program
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Latest Results
• Initial beam was (MARS) 24 GeV p on Hg target, 

captured in 20→1.25T
• Best examples obtain ~0.40 µ/initial proton
• Longitudinal density ~2X that of earlier 

simulations
• Compatible results obtained in SIMUCOOL and 

ICOOL runs
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AvG Simulation of optimized buncher
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ICOOL simulation of buncher
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Summary
• High frequency buncher and rotation appears to 

work ...
• It requires:

• Drift section (100m ?)
• Buncher; for ~ adiabatic capture of beam into string of 

bunches
• (~60m, up  to ~6MV/m, 300 to 200 MHz rf)
• Bunch rotator (~10 100m, 10MV/m, ~200MHz; )
• matched optics, into cooling channel 
• transverse focusing throughout ...

• System obtains strings of both µ+ and µ− bunches

• Integration into complete ν−Factory scenario is still 
required (next: match into cooling channel)
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Improved Version ...
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